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Abstract
By weakening the strength of coal-rock masses and releasing large elastic energy accumulated, relieve-shot can 
reduce the rockburst tendency. The accurate assessment of the relieve-shot effect has an important guiding 
significance for dynamic prevention of rockburst. Based on the basic supposition of Nakamura method, Nakamura 
spectral ratio model of microseismic (MS) signal propagation of relieve-shot was effectively established. The 
Nakamura spectral ratio can reveal the predominant resonance frequency evolution rule of coal-rock mass after 
relieve-shot being discovered. Through the relieve-shots implemented in 7206 driving working face of Sanhejian coal 
mine (SCM), Nakamura spectral ratios of relieve-shot MS signals were analyzed in detail. The bigger Nakamura 
spectral ratio is, the higher the stress in coal and rock materials is. High dominant frequency of Nakamura spectrum 
ratio indicates loose and cracked rock and coal mass where elastic energy is released effectively, thereby high 
resonant frequency can be created, which suggests the effect of pressure release blasting is desirable. Meanwhile, 
another relieve-shot effect is effectively checked by measuring drilling bits on spot. Therefore, the correlation 
between Nakamura spectral ratio and MS signal predominant frequency can evaluate the relieve-shot effect more 
accurately.
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1. Introduction
Deep-hole relieve-shot is one of the most direct means to weaken and control the strength of 
rockburst disaster and how to test its pressure relief effect is an important guiding significance for rock 
burst prevention. However the key parameters of relieve-shot in field application, in most cases, are 
determined in accordance with experience, lack of theoretical basis. The unreasonable blasting parameters, 
on the one hand, could lead to bad pressure release effect. On the other hand, it may cause resonance 
effect of coal and rock, thereby inducing rockburst. A serious rockburst, for example, induced by a 
relieve-shot at the end of transportation drift of LW 3407(1) of Huafeng Coal Mine at 23:22 on Nov 3, 
2001. The roadway reduction ratio was up to 50%-90%, 20 meters advance heading were destroyed 
completely and the transportation equipment in headentry was deformed and moved. A worker was killed 
and several workers were injured in this accident [1].
At present, scholars in domestic have done certain researches on the evaluation of relieve-shot effect. 
For instance, Dou Lin-ming et al[2,3] have put forward a method of applying the change law of 
characteristic parameters of electromagnetic emission (EME) before and after pressure relief to evaluate 
its effect based on the EME effect law of coal rock deformation and damage, and which was tested in 
Sanhejian Coal Mine and Jining No.2 Coal Mine. The relieve-shot effect of rockburst control by break-tip 
blast in deep hole was checked, by Qi Qing-xin et al[4], through stress monitoring. And engendering
practice was carried out in Huating Coal Mine of Gansu Province. According to the retrievable literatures 
in abroad, researches on pressure relief blasting emphasize on the weakening law of shock wave 
transmitting in different medium and evaluations on the stability and safety of structures on ground. Ak. 
Hakan[5] discovered 98% of the frequency values of blasting signals were between 4 and 40 Hz, and 
established the relationship between the peak particle velocity (PPV) and the frequency spectrum, when 
he studied ground vibration measurement induced by bench blasting at an open pit mine of Magnesite 
Incorporated Company (MAS) in Turkey. Mostafa[6] proposed an artificial neural network (ANN) for 
prediction and control of the blast-induced shocks in Assiut (Egypt) limestone quarry, and established 
three different models of ANN used in predicting the PPV. Karel. Holub[7] discovered that the PPV 
nearby the stations and the main frequency can reveal the mechanic parameters of the coal and rock 
materials, and they are the best criterion to assess the vibration damage to the surface structures and in 
mines, by a total of 240 three-component recordings from 80 rockbursts, which occurred in various coal 
mines in the Ostrava-Karviná Coal Basin. Y.K. Wu[8] realized that the main frequency of the blast-
induced shock wave can be used to assess the stability and safety of the structures, when studied the 
propagation characteristics of blast-induced shock waves in a jointed rock mass, simultaneously revealed 
the main frequency attenuation law of the shock waves in relation to propagation distance, the charge 
weight and the incident angle. Cengiz Kuzu[9] studied the blast-induced shock wave attenuation law in 
relation to the charge weight and the propagation distance based on 60 shots in a sandstone quarry area 
near Kemerburgaz in Istanbul, and proposed the prediction model of PPV, namely when the main 
frequency values were below 40 Hz to bring the PPV to a safe level (18.75mm/s). Manoj. Khandelwal[10]
proposed a new neural network for the prediction of ground vibration and frequency by all possible 
influencing parameters of rock mass, explosive characteristics and blast design, and discovered the 
corresponding coefficients of correlation are 0.9994 and 0.9868, respectively. TianYunsheng[11] discussed 
frequency spectrum characteristics of seismic wave of blasting for excavation pit and revealed the law of 
influence of blasting distance, charge quantity, blasting method and elevation upon the frequency 
spectrum of seismic wave. When working on the dynamic behavior of tunnel blasting, Zhang Qing-
song[12] found that micro-defect of surrounding rock caused by blasting had great inhibiting effect on high 
frequency seismic wave, and master frequency distributed at low frequency. According to the MS tests in 
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different medium of different sites on ground, Gao Mingshi[13] reported the weakening law of energy at 
each seismometer position along with the transmission distance.
In summary, many researches on the transmission weakening law of blasting shock wave in 
geotechnical medium of different mechanic character have carried out in both domestic and abroad. 
Especially, the relation between the marginal vibration speed and signal frequency spectrum has been 
further discussed, which has laid the foundation of evaluating the effect of blasting on the stability and 
safety of constructions on ground. However, researches of evaluating the pressure relief blasting effect in 
coal by MS monitoring are rare.
Through literature retrieval, we found that researches on evaluating field dynamic features by 
microseism have been reported. For example, Ma Shu-qin[14] studied the field effect in Beijing area 
through Nakamura method. The result showed that the indexes of reflecting seismic damage, obtained by 
Nakamura method, had three high value abnormal areas and Realistic seismic damage was in consistence
with the partial underground structure in the monitoring sites. Guo Mingzhou[15] analyzed the Nakamura
method applied in earth pulsation, i.e. using the ration of horizontal component to vertical component of 
the earth pulsation of the measuring point to determine issues existed in field dynamic character method.
In abroad, P. Teves-Costa et al[16,17] applied Nakamura method to study the MS field effect of deposited 
thin rock stratum in some seism active area of Portugal, and have given the resonant frequency of 
deposited thin rock, and put forward using field MS effect to evaluate the stability and earthquake
resistance of constructions on the ground.
In this paper, Nakamura spectrum ratio model which is used for describing the transmission of MS 
signals produced by pressure relief blasting in coal medium is established based on the fundamental 
assumption of Nakamura method. The relation between Nakamura spectrum ration and resonance 
frequency of coal medium after blasting is revealed to evaluate the particle effect of pressure relief 
blasting.
2. Nakamura model of MS signal propagation of relieve-shot
The following formula was proven by Nakamura(1989) through the experimental study on the deep 
well MS in underground bedrock:
1≈
B
B
V
H
                                                                     (1)
Where, BH is horizontal amplitude spectrum and BV is vertical amplitude spectrum.
The formula(1) was proven by MA Su-qin et al(2001) though ground and underground seismic 
records of observation array of the strong earthquake in Xiang Tang, Tang Shan and the following 
formula was obtained: 
1≈
B
S
V
V
                                                                     (2) 
Where, BV is amplitude spectrum of seismic wave for vertical component in underground bedrock and 
SV is amplitude spectrum of seismic wave for vertical component in soft soil layer at the same place. This 
shows that amplification of amplitude spectrum of seismic wave for vertical component could be 
neglected when seismic signal percolate through the soft soil layer.
Vertical amplitude spectrum and horizontal amplitude spectrum is equal in seismic source centre for 
the MS signals caused by coal and rock mass relieve-shot. Propagation of blasting-vibration wave was 
seen in Fig.1.
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Fig. 1. Propagation of blasting-vibration wave
TS and RE are defined separately. They can be expressed as:
B
S
T H
H
S =                                                                  (3)
Where, SH is horizontal amplitude spectrum received by seismometer and BH is horizontal amplitude 
spectrum of seismic source center.
B
S
R V
V
E =                                                                  (4)
Where, SV is vertical amplitude spectrum received by seismometer and BV is vertical amplitude 
spectrum of seismic source center.
According to the formula (3) and formula (4), the formula (5) can be expressed as:
BS
BS
R
T
M VV
HH
E
S
S
/
/
==                                                         (5)
Given:
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1≈
B
B
V
H
                                                                      (6)
Then:
S
S
M V
H
S =                                                                   (7)
For the three-component MS seismometer, Nakamura spectral ratio of MS signal caused by coal and 
rock mass relieve-shot can be defined:
)(
)()(
)(/
22
ω
ωω
ω
Z
EWNS
VH
+
=                                               (8)
Where, )(ωZ is vertical amplitude spectrum, )(ωNS and )(ωEW is amplitude spectrum received by 
seismometer in x and y direction, respectively. Nakamura spectral ratio of dominant frequency section 
was suggested to be analyzed emphatically and resonant frequency can be reflected commendably by 
dominant frequency section when stability of )(/ ωVH was verified by Teves-Costa[18].
3. Nakamura spectral ratio of microseism signal induced by relieve-shot
The 7206 working face of Sanhejian Coal Mine in Xuzhou Mineral Group is a typical high stress 
concentration area with great mining depth. And No.7 coal seam is of high rockburst tendency through 
rockburst tendency appraisal test. Rockburst happened many times during the excavation of tailentry of 
7206 face. For example, six blasting holes with 15kg of explosives were initiated in the excavating face of 
tailentry at 10:54 on Oct 16th in 2008. And 17 and 30 minutes later, one tremor in roof was induced 
respectively which led to about 4-5 tons coal mass were rushed out approximately 10m away from the 
center of excavating face. In order to evaluate the relieve-shot effect more effectively and provide 
reasonable key technical parameters of relieve-shot, microseism monitoring system was utilized for the 
measurement and evaluation.
3.1 Brief description for MS monitoring system
The KZ-1 MS monitoring system was developed by the Institute of Geophysics, China's State 
Seimological Bureau. There are 12 seismometers installed in the whole mining area, 10 of them were 
arranged in underground, the other 2 seismometers named Meiqizhan and Luxinzhuang were installed in 
two ground-based deep boreholes, while the hole depth is 228 m and 229 m, respectively. The frequency 
band of seismometer is 5-100 Hz. MS signals transmit by the optical cable, while each seismometer
collects on three-directional components, and includes four signal channels. The sampling rate is 1000 sps, 
and the dynamic range is greater than 100 dB. The vertical component includes two signal channels, 
while the total dynamic range is greater than 140 dB. The MS events with the magnitude above -2.0 taken 
place in monitoring areas can be detected by lower threshold, and the recording type uses trigger mode. 
Based on the theory of D-optimal design and localization, the preliminary location program of MS 
monitoring network was formed, which was evaluated using numerical emulation experiment on basis of 
statistics, and was also tested eventually by the measured and artificial experimental data, then a suitable 
network layout of SCM MS monitoring system was obtained. Figure 1 shows the MS network layout of 
SCM, and the surface average elevation is +36 m. 8# seismometer is named Meiqizhan, and 12# 
seismometer is named Luxinzhuang.
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3.2 MS signal waveform induced by relieve-shot
We drilled six blast holes in the headentry of 7206 working face on Oct 19, 2008, the total charge 
weight was 15 Kg, and the detonation was at 10:35 AM. One tremor in roof was induced at 11:01, 
resulting in about 0.8m deep coal mass was rushed out from the center part of excavation face. The 
electromagnetic radiation monitoring indicated that there was no obvious change in amplitude before and 
after the blasting. The amplitude-time waveform of the vertical microseism signal induced by relieve-shot 
is shown in figure 2, which was collected by 1# seismometer of the microseism monitoring system that 
was most close to the explosion source.
-3
-2
-1
0
1
2
3
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
A
m
pl
itu
de
/V
Time/ms
Fig. 2. MS waveform of relieve-shot signal(2008.10.19)
A rockburst happened in the headentry at 7:05 on Oct 29, 2008, which destroyed the coal wall of 
head-on, and six workers were wounded by the coal and rock bricks ejected. To control the rockburst 
strength, five blast holes were drilled in the headentry of 7206 working face, the total charge weight was 
12 Kg, and the detonation was at 10:18 AM, one in the lower wall of tailgate, and one in the floor. Two 
tremors in roof were induced after the blasting, leading to about 2.5tons coal mass was rushed out from 
the central part of excavation face. The electromagnetic radiation monitoring indicated that there was an
obvious decline in amplitude after the blasting. The amplitude-time waveform of the vertical microseism 
signal induced by relieve-shot is shown in figure 3, which was collected by 1# seismometer of the 
microseism monitoring system that was most close to the explosion source.
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Fig. 3. MS waveform of relieve-shot signal(2008.10.29)
3.3  Nakamura spectra ratio of relieve-shot signal
Firstly, original seismic data collection is processed with the fast Fourier transform (FFT) module in 
the Matlab7.0, getting the amplitude spectrum of three direction ( )(ωZ 、 )(ωNS 、 )(ωEW ). 
Nakamura spectrum ratio of relieving-shot MS signal is calculated according to the formula (8). Then the 
relationship curve between Nakamura spectrum ratio and the signal frequency is drawn.
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Figure 4 and 5 are the relationship curves between Nakamura spectrum ratio and the signal 
frequency of relieving-shot MS signal from 1# seismometer instrument on October 19, 2008 and October 
29 respectively.
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Fig. 4. Nakamura spectral ratio of relieve-shot MS signal(2008.10.19)
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Fig. 5. Nakamura spectral ratio of relieve-shot MS signal (2008.10.29)
By analysis, on Oct 19, 2008, the Nakamura spectral ratio of relieving-shot MS signal in 0-20 Hz has 
abnormal high value within the scope of area, maximum close to 120, caused by blasting of coal and rock 
resonance frequency distribution in 0-20 Hz. On October 29, 2008, the Nakamura spectral ratio of
relieving-shot MS signal in 5-40 Hz, there are abnormal high value. Coal and rock blasting caused the 
resonant frequency distribution in 5-40 Hz. According to Wang Ming-yang and others’ conclusion, For 
deep coal rock dynamic events a limited area of structure of coal and rock, and have a minimum basic 
frequency in the beginning, but when the scale of external disturbance has certain energy or the volume of 
the storage of potential energy release, the volume of internal stress state of change is to reduce frictional 
factor, induction inspired new border, have created many new and much larger vibration frequency. 
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Therefore, on Oct 19, 2008, the elastic energy accumulated cannot effectively release, and resonant 
frequency is low, and the corresponding Nakamura spectral ratio tends to be higher. On Oct 29, 2008, 
relieving-shot caused resonance frequency of coal increased, indicating the main frequency resonant 
relieving-shot induced the coal and rock elastic energy is effectively released, and reduced the stress 
concentration degree.
Figure 6 and 7 are the change curves of the measured amount of cuttings in the boring head of 7206 
rail lane before and after twice relieving-shot.
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Fig. 6. Variation of drilling bits before and after relieve-shot (2008.10.19)
From the above curve we can see that the measured amount of cuttings didn’t reduce but increase 
after the explosion relief on Oct 19, 2008, explaining that the explosion relief didn’t reduce the 
concentration of coal rock stress and the result was not satisfactory.
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Fig. 7. Variation of drilling bits before and after relieve-shot (2008.10.29)
From the above figure what we can see that after the relieve shots on Oct 29, 2008, the measured 
amount of drilling bits reduced substantially, especially when drilling to a depth of 4m in the upside of 
heading face, the amount of drilling bits decreased from 21.9Kg/m to 7.6Kg/m, explaining that the relieve 
shot released the massive elastic energy in the coal rock and reduced stress concentration, and the
pressure relief effect was obvious.
4. Conclusions
 With the help of fast Fourier transform, the horizontal and vertical amplitude spectra are obtained as 
well as Nakamura spectrum ratio through the analysis of three component seismic signal collected by 
detectors arranged round explosion source centre, which can be utilized to evaluate the dynamic trait
of coal and rock after relieve-shots.
 Nakamura spectral ratio can reveal the predominant resonance frequency evolution rule of coal and 
rock medium after relieving-shot. The bigger Nakamura spectral ratio is, the higher the stress in coal 
and rock materials is. The higher the predominant frequency correspondent with Nakamura spectral
ratio is, the looser the coal and rock medium is, and the higher resonance frequency of coal and rock 
medium is formed, which indicates the relieving-shot effect is more obvious.
 The correlation between Nakamura spectral ratio and MS signal predominant frequency can evaluate 
the relieving-shot effect more accurately.
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